An occipitoatlantoaxial malformation and ventricular septal defect (VSD) were diagnosed in a 36-hour-old female camel. Physical examination revealed a firm protrusion of the dorsal aspect of the atlas and axis, tilting of the head to the left, and a grade V/VI systolic murmur. Neurological examination revealed proprioceptive deficits and ataxia of all 4 limbs. Radiographic examination and necropsy demonstrated malformation, fusion of the atlas to the occiput and hypoplasia of the dens of the axis, and subluxation of the atlantoaxial joint. Dorsoventral laxity of the atlantoaxial joint was also present, with compression of the cervical spinal cord. A 1.5-cm-diameter VSD was observed also. Histopathologic examination of the cervical spinal cord revealed a cavity extending from the level of the first to fourth cervical segment, dorsal to the central canal, 5 cm long and 1-2 mm in diameter. The cells around the cavity were positive for glial fibrillary acidic protein and sporadically positive for vimentin. This cavitary structure was consistent with syringomyelia, which was lined by glial cells, surrounded by edematous white matter with Wallerian-like degeneration and with neuronal necrosis in the adjacent dorsal horns.
paresis in the rear limbs, and grade 3 ataxia and paresis in the forelimbs. No cranial nerve deficits were detected. Radiographic examination showed malformation and fusion of the atlas to the occiput, absence of the left transverse process of the atlas, hypoplasia of the odontoid process, and subluxation of the atlantoaxial joint. The owner elected to euthanize the calf, which was unable to feed on its own.
Fusion of the atlas with the occipital condyles was observed at necropsy. The axial dens was absent, and the articulation between the atlas and axis was circular. Additional postmortem examination findings included ecchymoses of the cerebellar tentorium and excess range of flexion at the atlantoaxial joint, with compression of the C1 spinal cord segment ( Fig. 1) . A ventricular septal defect 1.5 cm in diameter was located high within the interventricular septum, immediately subjacent to the semilunar valves ( Fig. 2) .
For histologic evaluation, tissue samples were placed in 10% neutral-buffered formalin. Formalin-fixed tissues were routinely processed, embedded in paraffin, sectioned at 5 m, and stained with hematoxylin and eosin stains. Histopathologic examination of the cervical cord revealed a cavity 5 cm long in the dorsal funiculus, from the first to fourth cervical segments. This cavity was 1-2 mm in diameter and was lined by spindle-shaped cells surrounded by loosely arranged axons (Fig. 3 ). The ventral funiculus in the affected sections contained areas of demyelination and spheroid formation (Wallerian degeneration). Scattered foci within the dorsal horns contained pyknotic neurons with neuronophagia.
Immunohistochemical staining following routine protocols for vimentin, a glial fibrillary acidic protein (GFAP), b and S-100, b using a labeled streptavidin-biotin method c with diaminobenzidine b as the chromogen, was used to determine the cell type surrounding the spinal cord cavity. Cells surrounding the spinal cord cavity had cytoplasmic staining for GFAP and sporadic cytoplasmic staining for vimentin, and were negative for S-100. Control sections were incubated under the same conditions in the absence of primary antibodies. Glial fibrillary acidic protein stains astrocytes, and rarely ependymal cells. Vimentin is present in mesenchymal cells (endothelial cells, fibrocytes, and smooth muscle cells) and reactive astrocytes. S-100 is present in both glial and ependymal cells. On the basis of the immunohistochemical staining pattern and the absence of a visible epithelial lining or cilia, cells surrounding the spinal cord cavity were presumed to be primarily astrocytes.
To the authors' knowledge, this is the first report of OAAM and syringomyelia in a camel. Congenital malformations of the occiput, atlas, and axis are well documented in humans. Atlantoaxial subluxations, due to failure of fu- sion of the odontoid process to the body of the axis, have been described in dogs, goats, cattle, and horses. 13 In calves, atlantoaxial subluxations occur concomitantly with absence or hypoplasia of the odontoid process. Fusion of the odontoid process to the atlas can occur postnatally with this condition in dogs and calves. 13 In Arab foals, a congenital familial syndrome involving occipitalization of the atlas and atlantalization of the axis occurs, resulting in the atlantoaxial subluxation. 11 Occipitoatlantoaxial malformations have also been described in non-Arab horses, cattle, and sheep. [17] [18] [19] Syringomyelia refers to fluid accumulation and cyst formation in the parenchyma of the spinal cord. Syringomyelia may be congenital or acquired after alteration of cerebrospinal fluid (CSF) pressure, as can occur with foramen magnum abnormalities, hydrocephalus, abnormal development of the spinal cord parenchyma, stenosis of the central canal, and obstruction of CSF flow because of inflammation or neoplasia. Extracanalicular syrinxes are often acquired secondary to spinal injury or disease. In this case, the syrinx may have been secondary to altered CSF flow due to the OAAM. Clinical features of syringomyelia within the cervical spinal cord frequently include ataxia and paresis of all 4 limbs. 1 Syrinxes are lined by glial cells, differentiating them from hydromyelias, which are cystic expansions of the central canal and lined by ependymal cells.
Ventricular septal defect is 1 of the most common congenital defects in domestic animals, particularly in large animals, and may be observed as an isolated lesion or in association with other cardiac defects. Ventricular septal defect is the result of a defect in the development of 1 or more of 3 parts of the embryonic heart: 1) the conotruncal ridges, 2) the muscular portion of the septum, and 3) the membranous portion of the endocardial cushions. The latter 2 portions of the interventricular septum are the most common origins of VSD in domestic animals. 15 Ventricular septal defects have been reported previously in camels, as well as being reported as 1 of multiple congenital defects, including musculoskeletal, in a llama. 12, 18 Other exotic mammals in which VSD has been reported include chimpanzees, orangutans, gorillas, and blue duikers. 3, 6, 10, 16 A hereditary cause for VSD is reported for Limousine and Hereford cattle, English Springer Spaniels, Keeshonds, and English Bulldogs. 4, 5, 14 A cause for these congenital defects was not determined in this particular case.
Lolitrem B residue in fat tissues of cattle consuming endophyte-infected perennial ryegrass straw
Shigeru Miyazaki 1 , Ikumi Ishizaki, Masumi Ishizaka, Tadashi Kanbara, Yuriko Ishiguro-Takeda Abstract. Lolitrems are neurotoxins found in endophyte-infected perennial ryegrass. Lolitrems, primarily lolitrem B, are the causative agents of ryegrass staggers in livestock. To guarantee the safety of meat produced from cattle consuming endophyte-infected perennial ryegrass, lolitrem B concentrations in tissues of Japanese Black cattle were determined using high-performance liquid chromatography. Lolitrem B was not detected in muscle, liver, kidney, or cerebrum of a Japanese Black cow with signs of ryegrass staggers. In contrast, perirenal fat contained 210 ppb lolitrem B. Three cows that received half as much perennial ryegrass straw as the cow with ryegrass staggers showed no clinical signs of ryegrass staggers. However, low concentrations of lolitrem B (less than 150 ppb) were detected in their fat tissue. These observations indicate that human exposure to the neurotoxic effect of lolitrem B through beef is unlikely. The amount of lolitrem B consumed by cattle can be estimated by the determination of lolitrem B in fat tissue.
Toxicoses in livestock caused by endophyte-infected grasses are well known as ryegrass staggers 1 and fescue toxicosis. 6 Lolitrem B, found in Neotyphodium lolii-infected perennial ryegrass, is the predominant toxin responsible for ryegrass staggers. 3 Ergot alkaloids, primarily ergovaline, which are detected in N. coenophialum-infected tall fescue, have been implicated as the causative toxins for fescue toxicosis. 8 In Japan, Japanese Black cattle have experienced ryegrass staggers caused by perennial ryegrass straw imported from the United States. 5 Japanese import companies have been requesting information on the concentration of the toxins in the straw and have been importing it only when the concentrations of lolitrem B and ergovaline are lower than the threshold levels for toxicoses (1,800-2,000 ppb for lolitrem B, 400-750 ppb for ergovaline). 7 At the present time, the occurrence of ryegrass staggers is rare in Japan, most likely because of this interim measure. Public health concerns still remain about the safety of the meat or milk produced by cattle consuming endophyte-infected perennial ryegrass or tall fescue. Ergovaline intravenously administered to sheep disappeared rapidly from the blood. 4 Furthermore, ergovaline intravenously administered to female goats was not detected in their milk. 2 These findings suggest little possibility of contamination of cow milk with ergovaline. However, the kinetics and metabolism of lolitrems in cattle are unknown. In the present study, Japanese Black cows were fed endophyte-infected perennial ryegrass straw imported from the United States to determine the tissue distribution of lolitrem B.
Six Japanese Black cows were divided into 2 groups. Group 1 received perennial ryegrass straw a ad libitum and consumed about 6.5 kg straw/day. Lolitrem B concentration of the straw was 1,200 ppb. Group 2 was fed 3 kg of straw/ day. All 3 animals in group 1 showed clinical signs of ryegrass staggers after feeding on the straw for 12-15 days. The cow showing the severest symptoms was sacrificed at day 15 of the experiment, and tissues were collected for pathological examinations and determination of lolitrem B concentrations. The remaining 2 cows were taken off the perennial ryegrass straw on the same day. Clinical signs disappeared within 2-3 days after removal of the straw. The 3 cows in group 2 were fed half the ryegrass straw consumed by the first group for 5, 13, and 16 weeks, respectively. They showed no clinical signs of ryegrass staggers. Group 2 cows were sacrificed at the end of the experiment, and tissues were collected and stored at Ϫ20 C until analyzed.
